Background: Melasma, a common disorder of hyperpigmentation, is often difficult to treat. Although 10% zinc sulfate solution has been reported to be useful for patients with melasma, controlled trials are lacking. Materials and Methods: 72 women with moderate to severe melasma were divided randomly into 2 groups. Group A were treated with 10% zinc sulfate solution and group B with 4% hydroquinone cream twice-daily. The results were evaluated by photoevaluation by patients based on subjective satisfaction and a blinded dermatologist using MASI score. Assessments were obtained at baseline and at 2 and 6 months after starting treatment. Results: According to MASI score changes during treatment, there was a reduction in both groups at 2 months, however, the reduction in group B was more significant (the reduction in mean ± SD MASI was 0.7 ± 0.7 in group A vs. 2.7 ± 1.6 in group B). In addition, the patients in group B continued to decrease MASI score for the remainder of the study period at 6 months follow-up (0.3 ± 0.5) in comparison with patients in group A who did not show more reduction in MASI score.
INTRODUCTION
Melasma is a disorder of pigmentation, commonly affecting sun-exposed areas of skin, the forehead, malar, and mandibular regions of face. [1] It presents as lesion typically diminishes during winter months and aggravates in the summer. [2, 3] Melasma following pregnancy usually improves within a few months of delivery. However, it rarely clears after discontinuing of oral contraceptives. [2] [3] [4] Before providing an effective treatment, it is thoroughly recommended to consider wood's light for distinguishing between increased melanin within the epidermis vs. an increase in the dermis on the presence or absence of light enhancement, respectively. [4] While epidermal pigmentation is somewhat more amenable to topical therapies and chemical peels, dermal pigmentation is appallingly difficult to treat. [4, 5] Despite that, most cases show both epidermal and dermal melanin, and dermal melanophages are a common feature among Asian sun-exposed patients. [4] Separate from Wood's light study, a pragmatic therapeutic approach of hypopigmenting agents should be recommended if the patient demands it. [2] [3] [4] As mentioned above, treatment of melasma can be very frustrating. Standard treatments include sun avoidance and sunscreens, hypopigmenting a g e n t s , c h e m i c a l p e e l s , l a s e r s a n d dermabrasion. [1] [2] [3] [4] [5] Hypopigmenting agents are momentous in the treatment of melasma. [2] [3] [4] 6, 7] These agents not only act as tyrosinase inhibitors, but also scatter the melanin throughout the skin. [6] [7] [8] [9] Hydroquinone, one of the most renowned topical treatments, displays its action through both the inhibition of tyrosinase and exclusive detriment to melanosomes and melanocytes. [6, 7, 9] Prescribing 2% to 4% hydroquinone is the approved treatment, while 4% hydroquinone is the gold criterion for melasma therapy. Hydroquinone can be used alone or in combination with a topical retinoid and corticosteroid (kligman formula). Although highly effective in the treatment of melasma, some adverse effects due to hydroquinone therapy include irritant and allergic contact dermatitis, post-inflammatory hyperpigmentation, and hypopigmentation of the surrounding skin. [6] [7] [8] [9] [10] Ochronosis is the rare side effect seen with prolonged use of concentration > 2%. [10] Zinc is a main trace element and important nutrient, which exists in all organs, tissues and in fluids of the body. At the cellular level, zinc acts as vital component of both enzymes and cofactors. [11] The effect of zinc acquired through its action as anti-inflammatory, anti-oxidant, cytotoxic, and healing agent. [11, 12] Zinc sulfate was found to be effective in treatment of many dermatological disorders, such as cutaneous leishmaniasis, recurrent herpes simplex, common and genital warts and recently melasma. [1,12,14,15,] In fact, there is only one study that has been conducted on the efficacy of topical zinc sulfate for the treatment of melasma. [14, 15] This study is the first, to our knowledge, to measure quantitatively the difference between the efficacy of conventional treatment with hydroquinone and the newly proposed agent, topical zinc sulfate solution in the treatment of melasma.
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MATERIALS AND METHODS
This study was conducted at the outpatient department of Dermatology, Isfahan, Azahra Teaching Hospital. In this investigator-blinded, randomized, control trial study 72 subjects (aged 21 -42 years) presenting with moderate to severe melasma were enrolled in the study between March 2010 and September 2011. This study was initially approved by the ethical committee of Isfahan University of Medical Science. The Research Project Number was 290113. Written informed consent was obtained from all participants before enrollment.
The diagnosis was established on the basis of clinical findings. A detailed history was taken from each patient concerning the involved or deteriorating factors (sun exposure, pregnancy and contraceptive pills or other causative drug consumption).
Inclusion criteria included women with moderate to severe facial melasma based on Wood's light examination. All patients had epidermal or mixed melasma based on Wood's light examination at time of screening. Patients with pregnancy, breast feeding, any medical treatment for melasma within 3 months of entry, and skin resurfacing by dermabrasion, chemical peels, or facial laser within the preceding 9 months were excluded from the study.
As mentioned in the guidelines for clinical trials in melasma, [16] a blinded dermatologist quantified the Melasma Area and Severity Index (MASI) from the photographs. MASI scores are used for clinical research studies of melasma and are not commonly used in the daily management of patients in the clinical setting. According to this method, the face in 4 areas of forehead, right and left malar, and chin is assessed on the basis of percentage of the total area involvement, darkness, and homogeneity. The MASI equation is given below:
Where F is forehead, MR is right malar, ML is left malar, C is chin, and the values 0.3, 0.3, 0.3, and 0.1 stands for respective percentages of the total facial area. It ranges from 0 to 48.
Photographs taken with a digital camera (Canon Power Shot G12, Canon Components Inc, Japan) before treatment and during follow-up were used.
In order to perform patient satisfaction surveys, assessment of the treatment areas using comparative photographs were conducted by patient-based satisfaction, 2 and 6 months after starting of treatment (Patient Global Assessment [PGA] ). The improvement of melasma was scored from 0 to 10 on a visual analog scale from (0 as no improvement and 10 as the best possible improvement).
The patients were divided into 2 different treatment groups, using a table of random numbers. 36 patients were enrolled in each group. The patients in group A received 10% zinc sulfate solution, and the patients in group B received 4% hydroquinone cream twicedaily. 10% zinc sulfate solution was prepared by dissolving 10 g of zinc sulfate crystals in 100 ml of distilled water. All patients of 2 groups have been received sunscreen cream (ARDEN, SPF: 30 or more) to control the doubts regarding the anti-solar effect of zinc sulfate and to prevent direct sun exposure during study.
The statistical analysis was done by SPSS for windows software (SPSS Inc., Chicago, IL, USA, version 18.0) by using repeated measures ANOVA,Chi-Square and independent t-test analysis. The significance level was set at P value of less than 0.05.
RESULTS
72 subjects (100%) with moderate to severe melasma were enrolled in the study to evaluate the difference between the therapeutic efficacy and safety of 4% hydroquinone and 10% zinc sulfate solution.
17 patients failed to complete the study, 5 subjects did not use the drugs according to the rules, and 12 subjects did not complete the study because they were unable to come in for visits due to scheduling difficulties. 8 of them were in group A, and 9 of them were in group B. None of them gave up the study due to the side effects. 55 completed the 2 and 6 months follow-up with no protocol deviation. The age of patients ranged from 21 to 42 years; the mean age of patients was 30.9 ± 4.9 years in group A and 31.7 ± 4.4 years in group B.
The independent t-test disclosed no statistically significant difference between the ages of two groups (P-value = 0.47) .
We used Chi-Square test to evaluate differences between the type of melasma lesion between 2 groups (P-value = 0.24), but there was no statistically significant difference between them [ Table 1 ].
The patients reported a continuing clinical improvement at the 2 months follow-up in both groups. (P-value = 0.001).
In addition, there was a steady improvement in patients of group B in comparison with group A after 6 th month of starting treatment (PGA).
The mean MASI score before treatment was not statistically different between the 2 groups (P-value = 0.434), but after 2 months, (P-value = 0.03) and 6 months (P-value = 0.006) of starting treatment, the MASI was obviously less in patients of group B in comparison with patients of group A.
Repeated Measure ANOVA test revealed that the mean MASI scores in both groups were not the same in the first 2 stages of study (P-value < 0.001). Furthermore, by means of this method, it is brought to light that the mean MASI scores in group A, 2 and 6 months after treatment, were lower than baseline (P-value < 0.001), but the results between 2 nd and 6 th months of follow-up were identical (P-value = 1) [ Figure 1 ].
In contrast, in group B, both the comparison between the baseline and 2 nd and 6 th monthsof follow-up (p-value < 0.001) and the comparison between 2 nd and 6 th months (P-value = 0.001) were unlike. Indeed, a continuous reduction in MASI score in group B was obvious [ Table 2 ].
Although there was some reports of mild burning and erythema during treatment, no significant adverse effect has been notified in both groups.
DISCUSSION
Melasma, a common disorder of Latin American and Asian women, occurs because of unknown causes. However, genetic factors, UV irradiation, pregnancy, hormonal therapy, ovarian dysfunction, and using some drugs are the proposed factors. [1] [2] [3] Since melasma is a prevalent, abiding, unruly, very distressing pigmentory disorder, the interest to find new modalities of treatment, which are cheap, safe, and readily-available, are non-stopping.
The conventional practices such as hypopigmenting agents, chemical peels, lasers and dermabrasion remains the benchmark that the new proposed modalities are compared with them. Among the common agents, hydroquinone products, alone or in combination with other depigmenting agents are widely used agents. [2] [3] [4] [5] In fact, hydroquinone acts through not only the inhibition of tyrosinse enzyme, a main enzyme in the production of melanin, also by destroying the melanosomes. [6] [7] [8] [9] Recently, 10% zinc sulfate solution has been proposed as an alternative therapy for melasma. [14, 15] It has been suggested that zinc elements play role by antiinflammatory, anti-oxidant, and healing effect. [11] In the present study, to our knowledge, we provide the first clinical evidence that compares quantitatively the effectiveness of topical 10% zinc sulfate and 4% hydroquinone cream in the treatment of melasma. This study makes a comparison between the patients in group A (patients receiving 10% zinc sulfate solution) and in group B (patients receiving 4% hydroquinone cream).
For overcoming wide variability subjective assessment, a detailed comparison by using scoring indices such as MASI score helps to quantify the evaluation of melasma. The MASI score was produced to quantify the 3 key portions observed when examining a patient with melasma: Darkness of the pigmentation, homogeneity, and the area of involvement.
In our study, using MASI score indicates a reduction in both groups after 2 months of treatment. However, this reduction was significantly more in patients of group B than in group A (3.7 ± 2.6 in group A vs. 5.1 ± 2.9 in group B). The baseline of MASI score in group A and B were 5.7 ± 3.2 and 6.4 ± 3.4, respectively.
In the only previous study by Sharquie et al., it has been suggested that topical 10% solution was a new effective and safe formulation in the treatment of melasma. They evaluated the efficacy and safety of 10% zinc sulfate solution in 14 patients. Degree of improvement was graded using MASI score. The MASI score before treatment was 9.45, which changed to 4.70 after therapy. This corresponds to a percentage improvement of 49.78% and was statistically significant (P < .0005), and most of them maintained an improvement 3 months after cessation of therapy. The only reported side effect was mild stinging sensation in few patients.
The MASI in the present study continued to decrease in group B at the 6 months follow-up (compared with the baseline, P = 0.006 and 0.403, respectively). In comparison, the MASI did not indicate no difference between the 2-and 6 months follow-up in group A.
For increasing the confidence of findings and better understanding of the different dimensions of the disease, patient-reported outcomes (PGA), as an added parameter, entered in the present study. The results of MASI score changes supported by PGA.
According to mounting evidences of this study, the 10% zinc sulfate is not as effective as 4% hydroquinone cream in the treatment of melasma. Indeed, the mean improvement rate in patients of group B at 2 and 6 months was 42.2% and 48.8%, respectively while the improvement rate in group A was 10.5% at 2 months follow-up without any change at 6 months.
The conjectural hypothesis about the mechanisms of action of topical zinc sulfate are peeling, anti-oxidant, and sunscreen effects. Sharqui stated that zinc sulfate solution is significantly effective in the treatment of melasma, and this evidence is more attributable to its peeling effect. However, according to findings of this study , through the mechanisms of action of topical zinc sulfate, we assume the impression of zinc sulfate is only through sunscreen effect. As melasma is presumed a photodermatosis, sun protection is of value in both treatment and prevention.
Leenutaphong et al. showed a reduction of 60% in MASI score in patients receiving only sunscreen. [17] In summary, although the previous study of Sharqui regarding treatment of melasma by topical zinc sulfate makes sense, thus far, the juxtaposition of topical zinc sulfate and hydroquinone in this study showed that the effect of topical zinc sulfate is only attributable to sunscreen effect and quantitatively was not significant.
In future studies, a comparison between other physical and chemical sunscreen and topical zinc sulfate in the treatment of melasma should be recruited to better compare treatment outcomes. In addition, clarification the exact mechanism of action of zinc component in cellular biology is an issue that helps us for designing more accurate models of study.
